The economic burden of noncommunicable diseases (NCDs), including treatment costs and income and productivity losses, is a growing concern in developing countries, where NCD medical expenditure may offset consumption of other essential commodities. This study examines the role of NCDs in household resource allocation in Bangladesh. We use the Bangladesh Household Income and Expenditure Survey (HIES) 2010 to obtain expenditure data on 11 household expenditure categories and 12 food expenditure sub-categories for 12,240 households. Household NCD status was determined through self-report of at least one of the six major NCDs within the household-heart disease, hypertension, diabetes, kidney diseases, asthma, and cancer. We estimated unadjusted and regressionadjusted differences in household expenditure shares between NCD and non-NCD households. We further investigated how consumption of different food sub-categories is related to NCD status, distinguishing between household economic levels. The medical expenditure share was estimated to be 59% higher for NCD households than non-NCD households, and NCD households had lower expenditure shares on food, clothing, hygiene, and energy. Regression results indicated that presence of NCDs was associated with lower relative expenditure on clothing and housing in all economic subgroups, and with lower expenditure on food among marginally poor households. Having an NCD was significantly associated with higher household spending on tobacco and higher-calorie foods such as sugar, beverages, meat, dairy, and fruit, and with lower spending on fish, vegetables, and legumes. The findings indicate a link between NCDs and the possibility of adverse economic effects on the household by highlighting the potential displacement effect on household consumption that might occur through higher medical expenditure and lower spending on essentials. The findings might also point to a need for raising awareness about the link between NCDs and diet in Bangladesh.
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Introduction
Noncommunicable diseases (NCDs) are the leading cause of death worldwide, accounting for 68% of total deaths in 2012. Among all NCD deaths, 42% are premature (before age 70), with the majority of premature deaths (86%) occurring in low-and-middle-income countries (LMICs) [1] . Premature NCD morbidity and mortality reduces labor productivity, and associated treatment costs can increase health care expenditure and erode savings, adversely affecting economic growth and development [2, 3] . The adverse economic impact of NCDs is a growing concern for LMICs [4] , where chronic illness can result in substantial out-of-pocket expenditure compared to other diseases [5] , reduce consumption of essential goods, and increase vulnerability to various shocks [6] . However, most studies investigating NCD-associated productivity losses evaluate evidence from high-income countries [7] , and less is known about the social, financial, and economic effects of NCDs in LMICs [8] . A number of studies have demonstrated significant links between NCDs and out-of-pocket health expenditure in LMICs [9, 10, 11, 12] ; rising out-of-pocket expenditure has in turn been associated with reduced clothing and education expenditure among poor households in India [6] and with reduced food expenditure in Sri Lanka [13] . Nonetheless, evidence on the consumption displacement associated with NCDs in LMICs is relatively limited.
This paper investigates the role of NCDs in household resource allocation in Bangladesh. Bangladesh is a lower-middle-income country with a large population and a rapidly growing NCD prevalence. NCD mortality in Bangladesh increased from 8% in 1986 to 68% in 2006 [14] , and NCDs presently account for nearly 60% of the total disease burden [1] . As in most LMICs with low health insurance coverage, in Bangladesh the major share (63.3%) of healthcare spending occurs out-of-pocket, directly impacting household budgets [15] . NCDs have been linked to poverty and inequality in Bangladesh [16, 17] , where it has been estimated that larger out-of-pocket expenditure due to NCDs could push an additional 4.6% of households into poverty annually [18] . However, no prior studies have evaluated the consumption displacement effects of NCDs. Investigating the resource allocation effects of NCDs is relevant for health policy development in Bangladesh, and evidence regarding the tradeoffs faced by NCDaffected households is key for articulating appropriate NCD prevention and mitigation strategies.
Data and methods
We analyzed household-level NCD status and monthly expenditure data from the Bangladesh Household Income and Expenditure Survey (HIES) 2010. HIES is a nationally-representative survey of 12,240 households from 16 strata comprised of rural, urban, and statistical metropolitan areas (SMA) [19] . A household was defined as NCD-affected if at least one of its members was reported to have one or more of the following NCDs within the past 12 months-heart disease, hypertension, diabetes, kidney diseases, asthma, or cancer. HIES (2010) collects self-reported household-level data on daily, weekly, monthly, and annual expenditure, which were used to calculate average monthly consumption expenditure indicators. We classified household expenditure into 11 categories: medical, food, tobacco, clothing, housing, education, lifestyle and hygiene, energy, transportation and communication, entertainment, and miscellaneous. All categories were represented as shares of total expenditure. We further created 12 sub-categories for monthly food expenditure: cereal, pulses (legumes), fish, egg, meat, milk, sugar, oil, fruits, vegetables, beverages, and miscellaneous. All food consumption categories were represented as shares of total food expenditure.
To evaluate consumption effects by income level, we constructed four household income categories based on household consumption per capita relative to the stratum specific consumption poverty line [19] : very poor (<80% of the poverty line), marginally poor (> = 80% to <120% of the poverty line), marginally well-off (> = 120% to <200% of the poverty line), and well-off (> = 200% of the poverty line) (Fig 1) . Descriptive statistics indicate that self-reported NCD prevalence is lowest for the very poor households and highest for the most affluent households (Table 1) , suggesting the presence of an income gradient in NCD diagnosis. Across all income groups, households are more likely to report an NCD if they are larger or have elderly members.
We first evaluated the relationship between NCD diagnosis and household expenditure by obtaining the unadjusted differences in expenditure shares across NCD and non-NCD households. HIES 2010 survey weights are used to obtain unadjusted differences across household groups. Next, we estimated adjusted differences using a system of Engel curves in a Quadratic Almost Ideal Demand System (QUAIDS) framework developed by Banks, et. al., (1997) [20] , as follows: , respectively [20] . Strata i represents stratum fixed effect and ε ik is the idiosyncratic error term. In the cross section data, we do not observe price differences over time. Therefore, to estimate Engel curves, we assume that prices of respective commodities are same for households within the strata, and stratum fixed effects control for the differences in commodity prices across strata. This assumption is consistent with the official stratum-specific poverty line estimates in Bangladesh that consider differential cost of living across strata. Stratum fixed effects also controls for geographic and regional differences in access to healthcare services and treatment costs. The coefficient β 1 describes the adjusted difference in household consumption shares between non-NCD and NCD households.
Finally, we analyzed differences in food expenditure shares across NCD and non-NCD households using SUR as follows:
where y ij denotes the food expenditure share of j th food category of household i, and the remaining indicators are those described in Eq 1. The coefficient α 1 describes the adjusted difference in food consumption shares between non-NCD and NCD households. Eqs 1 and 2 are separately estimated for the full sample, and for each of the sub-samples of household income category.
Results

NCD-associated differences for household consumption expenditure categories
Unadjusted differences between NCD and non-NCD households for 11 expenditure categories are shown in Table 2 for the full sample, and in Table 3 by household income category. The medical expenditure share for NCD households was 59% (1.78 percentage points (pp)) higher on average than that for non-NCD households. This relative difference was higher for the well-off households (72.5%), and lower (50.4%) for the very poor households. The food expenditure share, on the other hand, was 6% (3.49 pp) lower for NCD households than non-NCD households. NCD households were estimated to have higher expenditure shares for housing, education, and entertainment, and lower expenditure shares for clothing, lifestyle and hygiene, and energy. NCD households were estimated to have lower expenditure on food across economic groups. Though the difference was not statistically significant for the very poor households, it ranged from 1.12 to 2.53 pp for the other sub-groups. The average tobacco expenditure share of the very poor NCD households was 13.6% (0.41 pp) higher than non-NCD households in the same income group. The clothing expenditure share was lower for NCD households in the well-off group only, and the housing expenditure share was lower for NCD households in the marginally well-off group only. The energy share of NCD households was lower for most household groups except for the marginally poor.
Adjusted differences from the regression analysis are reported in Table 4 . The medical expenditure share was higher for NCD than non-NCD households in both the full sample and all sub-samples. The food expenditure share was lower for NCD households in the marginally poor group. The tobacco expenditure share was higher for NCD households in the full sample as well as for the well-off and marginally poor groups. The clothing expenditure share was lower for NCD households than non-NCD households across all groups, and the housing share was lower for all groups except the marginally poor. Adjusted differences in lifestyle and hygiene and energy were not statistically significant.
NCD-associated differences for food expenditure sub-categories
Unadjusted differences between NCD and non-NCD households in food consumption shares are presented in Table 5 . NCD households had lower food expenditures shares of cereal, oil, vegetables, and miscellaneous foods than non-NCD households, and higher shares of meat, milk, sugar, fruits, and beverages. Sugar, milk, and fruit expenditure shares were higher for NCD than non-NCD households by 25.5%, 22.9% and 26.3%, respectively. Oil and vegetable shares both are around 5% lower than those of non-NCD households. Table 6 reports the unadjusted differences in food expenditure shares by household sub-groups. The cereal share for NCD households was lower for the well-off group and higher for the marginally poor group. Positive differences between NCD and non-NCD households in sugar, milk, and fruit expenditure were statistically significant for the well-off and marginally well-off groups only. Negative differences in oil and vegetables were statistically significant for all groups except for the very poor. Lower shares of pulses (legumes) were found for the marginally well-off and marginally poor groups. Adjusted differences in food expenditure shares are reported in Table 7 . Overall, NCD status was positively associated with expenditure on meat, milk, sugar, fruit, beverages and negatively associated with expenditure on pulses (legumes), cereal, fish, oil, and vegetables. Differences between NCD and non-NCD households in cereal expenditure were negative for the well-off sub-group and positive for the marginally poor sub-group. Negative differences in pulse (legume) share and oil share were statistically significant for the marginally well-off and marginally poor groups; and negative differences in fish share were statistically significant for the marginally poor group. NCD status was associated with higher sugar expenditure in the well-off and marginally well-off household groups.
Discussion
Consumption displacement is one mechanism through which NCDs can affect the economic wellbeing of households. In Bangladesh, where health insurance coverage is limited, NCDafflicted households may be vulnerable to added out-of-pocket medical expenditures, and may compensate for these by reducing consumption of other necessities. In this study, we use household-level data from Bangladesh to explore the association between presence of NCDs in the household and household resource allocation across broad expenditure categories (medical, food, housing, etc.) and across food sub-categories (sugar, meat, vegetables, etc.). Unadjusted and regression-adjusted expenditure differences between NCD and non-NCD households were estimated for the full sample and for four household sub-groups defined by economic status-very poor, marginally poor, marginally well-off and well-off. NCD households were found to have larger medical expenditure shares than non-NCD households across all household groups, potentially displacing the consumption of other commodities. On average, NCD-afflicted households had lower expenditure on food, clothing, hygiene, and energy. Regression-adjusted results indicated that NCD status was associated with lower household spending on clothing and housing in all groups, and with lower food spending among the marginally poor, highlighting the disproportionate burden an NCD diagnosis might impose on households living near the poverty line. These circumstances can contribute to perpetuating the poverty cycle in Bangladesh by further impairing productivity and distorting the distribution of resources within the household.
One limitation of our study is that the analysis shows how consumption displacement and NCD status are associated, but cannot identify the causal channels through which NCDs could impact household consumption. NCDs could be associated with spending on unhealthy items, other comorbidities and productivity loss or loss of income, which may affect consumption decisions. NCD treatment could also alter or adjust food consumption and cause lifestyle changes. We cannot separately estimate the specific impacts of these factors on consumption displacement. These aspects require intertemporal analyses by observing households pre and post NCD affliction, which given the cross-section nature of our data are beyond the scope of this paper. This study entails analysis of the contemporaneous association between the presence of NCDs and household consumption patterns. As expected, the consumption share of tobacco, a primary NCD risk factor, was greater for NCD households. Tobacco expenditure might contribute to the consumption displacement of essential goods not only directly but also through added medical expenditures from tobaccorelated NCDs. NCD-afflicted households were found to allocate less on staples like fish, cereal, pulses, oil, and vegetables, and more on higher-calorie foods like sugar, meat, and beverages. After rice (a main type of cereal), fish and vegetables are the leading categories in the food consumption basket in Bangladesh. Lower fish and vegetable consumption among NCD-afflicted households might have health and economic effects that persist across generations by affecting the nutritional needs of children in the household. The nutritional allocations of NCD households relative to non-NCD households may be relevant for policy-makers concerned with dietary behavior and chronic disease in Bangladesh.
We observe that relatively well-off households are likely to report more cases of NCDs, compared to poorer households. This gradient might partially reflect under-diagnosis and lack of awareness of NCDs, which may occur disproportionately in poorer households given limited access to health care services. To address this possibility, we evaluated the role of NCD status in household resource allocation within four economic subgroups. The subgroup analysis could inform policies for integrated health interventions and nutrition programs for the population that are most vulnerable to consumption displacement. Our findings indicate that within all economic subgroups, households with NCD incidence remain at higher risk of consumption displacement of essential commodities. The association between NCD status and reduced food consumption among the marginally poor suggests potential nutritional consequences for economically vulnerable households. The findings indicate a link between NCDs and the possibility of adverse economic effects on households in Bangladesh, and may inform further public health interventions for NCD prevention and control.
